Background: Using outcome measures to advance healthcare continues to be of widespread interest. The goal is to summarize the results of studies which use outcome measures from clinical registries to implement and monitor QI initiatives. The second objective is to identify a) facilitators and/or barriers that contribute to the realization of QI efforts, and b) how outcomes are being used as a catalyst to change outcomes over time.
Background
The use of clinical registries is considered crucial to systematically measure clinical outcomes in achieving better value for patients [1] . A clinical or patient registry is defined as "an organized system that uses observational study methods to collect uniform data (clinical data as structure, process and outcome measures) to evaluate specified outcomes for a population defined by a particular disease, condition, or exposure" [2] . Registries that are used for evaluating patient outcomes are used for the purpose of this review. The importance of clinical registries has been widely recognized as a tool to realize quality improvement (QI) and public accountability [1, [3] [4] [5] [6] [7] [8] . Medical associations use clinical registries for collecting data using pre-defined measures in patients undergoing a certain procedure or for a specific disease [9] . In particular, feedback based on clinical registry data is used to identify and monitor improvement initiatives [10] . Therefore, registries are seen as a promising tool to achieve improvements in value for the patient by measuring outcomes [1] . A previous review on the structure, use and limitations of current clinical registries showed that registries and their respective measures are used for monitoring the work of health care providers, discussion platforms for QI, improving risk adjustment modelling and for improving preoperative risk profiling [11] . However, the current body of literature lacks insights into the extent to which the use of outcome measures from clinical registries, either when identifying, selecting or monitoring QI initiatives, can impact health outcomes.
With rising healthcare costs, service restrictions, differences in quality and costs, there is an increasing need for reform to improve value of healthcare [12] . Value in healthcare is defined as outcomes relative to costs [13] . Value-based health care aims at achieving higher value for patients while ensuring sustainability of the healthcare system by an efficient and effective delivery of care [14] . This goal is assumed to be achieved by measuring and using outcomes per medical condition for the identification of improvement potential across the full cycle of care [12] . Higher value for patients by measuring outcomes is one of the potential methods for improving quality of healthcare relative to the costs spent. For the purposes of this review, we only focused on outcome measures and not on the respective costs.
Quality of healthcare is generally assessed by using structure, process or outcome measures [15] . The latter provide insights into outcomes of a certain disease or several diseases, for instance on survival, functional status, and quality of life [16] . The aim of measuring outcomes is diverse; guiding clinical decision-making, initiating improvement interventions, benchmarking, monitoring, scientific research and public accountability. Measuring outcomes structurally and using them to identify possible improvements contributes to the aim of achieving higher value for patients [17] .
The goal is to summarize the results of studies which use outcome measures from clinical registries to implement and monitor QI initiatives. For the purpose of this study, QI was defined as the application of a defined improvement process to achieve measurable improvement by implementing an improvement intervention. Registry data itself is not sufficient as they need QI methods in order to achieve actual improvement. The second objective is to identify a) facilitators and/or barriers that contribute to the realization of QI efforts, and b) how outcomes are being used as a catalyst to change outcomes over time.
Methods
A systematic review was conducted of studies published between January 1995 and March 2017. The search strategy was designed for PubMed, EMBASE and Cochrane databases. To identify evidence for the use of clinical registries to improve or contribute to patient health outcomes, the following PubMed Mesh terms were used to identify studies: mortality, patient outcome assessment and treatment outcome. These terms were combined with a variety of search terms related to QI and diverse disease specific registry studies. No specific patient group or study design was defined. Details of the complete search strategy are provided in the online supplementary content (Additional file 1: Appendix 1). Additional hand-searching has been conducted for systematic reviews on the subject during the review process. The hand-search was conducted in Google Scholar.
Inclusion and exclusion criteria
Studies were included when they met each of the following criteria: 1) published in peer-reviewed journals, 2) published in English, French or German, 3) the study actively implemented a strategy using outcome data to realize QI, 4) the study relied on structural data collection, and 5) the study evaluated the QI interventions realized. Whether a study made use of a QI effort, falling under criteria 3 and 5, was evaluated after reviewing the full text papers and was therefore not part of the search string. After title screening, included studies were evaluated on criteria 3 and 5. Studies were excluded when they analyzed the effect of new intervention(s) on outcomes (testing drugs, new techniques or the effect of an intervention) or when the data had solely been collected to evaluate an intervention in a clinical trial.
Data extraction and quality assessment
For the initial selection each reviewer reviewed a random set on first title, second abstract, and finally full text to determine eligibility. The full text articles were critically reviewed and judged by all reviewers. Any disagreement between reviewers was discussed by the full review team until consensus was achieved. The selected articles were evaluated using a standardized predesigned form listing whether the inclusion criteria were met.
A thorough review process was carried out for the data quality assessment, which consisted of the following three steps:
Step 1: Data abstraction The Cochrane data abstraction form for intervention reviews (RCTs and non-RCTs) was used as a tool to extract data on study design and methodological quality (Additional file 1: Appendix 2) [18] . Furthermore, data on the target group, main results, main outcome measures, data source, geographical setting and funding sources was abstracted.
Step 2: Rigor of QI intervention
The included studies were evaluated using the Quality Improvement Minimum Quality Criteria Set (QI-MQCS) as a critical appraisal instrument, developed by the RAND Corporation (Additional file 1: Appendix 3) [19] . The QI-MQCS contains 16 domains to evaluate the QI intervention, resulting in a scoring system to evaluate whether this domain was met or not. The QI-MQSC did not introduce a threshold concerning acceptability of the quality of the papers. Therefore, we agreed on the following criteria in order to adequately interpret the QI-MQSC score. The study was considered to be of perfect quality (> 15 items ranked yes), good quality (> 12 items ranked yes), moderate quality (> 9 items ranked yes) and insufficient quality (≤9 items ranked yes).
Step 3: Rigor of data collection and analysis In addition to the QI-MQCS, 13 items were added for further evaluation. Two questions (item 2 and 18) from the Downs & Black (1998) criteria were used to reflect on whether the main outcomes to be measured had been clearly described in the introduction or methods section and whether the statistical tests used to assess the main outcomes were appropriate [20] . In addition, three questions (item 10c, 11a and 11b) from the SQUIRE guidelines were used: 1) whether a method was employed for assessing completeness and accuracy of data, 2) whether quantitative methods were used to draw inferences from the data and 3) whether methods were applied for understanding variation within the data, including the effects of time as a variable [21] . Furthermore, it was evaluated how the included studies dealt with missing values, whether they performed audits, reported on secular trends, performed case-mix adjustments, whether clear inclusion and exclusion criteria had been defined for the patient population and when possible whether a power analysis was conducted.
In conclusion, the Cochrane data abstraction form was used to abstract data from the selected articles in order to identify changes in outcomes and facilitators. Data synthesis was guided by 1) the QI-MQCS results, 2) the merged and modified version of the Downs & Black (1998), SQUIRE guidelines, and self-developed questions. Due to the diversity of outcomes, a pooled effect of the results was not conducted.
Results

Search results and included studies
The final systematic search resulted in 11 524 records for initial screening; 117 articles were included to review the full text version of which 96 studies were excluded because they did not meet the inclusion criteria ( Fig. 1 ) [22] . One additional article was included from a relevant systematic review, which emerged from hand-searching [23, 24] . Table 1 presents the characteristics of the 21 included studies. The studies focused on registries for the following patient groups; patients with diabetes [24] [25] [26] [27] [28] [29] [30] [31] , children with chronic conditions [32] , patients with lung cancer [33, 34] , patients with cystic fibrosis [35] [36] [37] , patients with cardiac anomalies [38] , patients undergoing cardiac surgery [39] [40] [41] , patients with acute myocardial infarction [42] , and patients referred for home health services [43] . The majority of the registries presented voluntary participation [25-27, 29-31, 35, 36, 38, 40-43] . Three registries required mandatory participation [28, 33, 34] . Most of the presented registries had the purpose of achieving QI [24, 25, 28-34, 37, 39, 41-43] . The remaining studies have introduced their clinical registry for research and educational purposes [26, 27, 35, 36, 38, 40, 44] .
Impact of quality improvement
Eight studies showed statistically significant improvement in outcomes resulting from the implementation of QI initiatives [25, 27, 29, 31, 33, 34, 42, 44] . Statistically significant improvements were achieved in long-term survival [33, 34] , mortality [42] , readmission rate [42] , bleeding complications [42] , systolic blood pressure [27] , HbA1C [27, 29] , LDL [27, 29] , exercise habits [25] , depression improved in the acute phase (PHQ-9 score) [44] , and hospitalization with ambulatory care-sensitive conditions [31] . The remaining studies did not show statistically significant improvements. All included studies presented outcome measures for their respective improvement work, five of which also measured additional process measures [27-33, 35, 41, 42, 44] . Table 2 presents outcomes measures used, QI methods applied and whether statistically significant improvement of outcome measures was achieved. A detailed overview of the significance of outcome measures can be found in the online supplementary content (Additional file 1: Appendix 4). None of the studies identified an impact on patient value or evaluated the impact on costs of care.
Quality of the studies Rigor of quality improvement interventions
The overall quality of included articles was moderate (see Tables 3 and 4 ). On the 16 domains of the QI-MQCS four articles achieved a score of 13, which is the highest score among included studies [24, 26, 32, 37] . These articles are therefore considered to be of good quality. Four articles were ranked as moderate quality with a score of 12 [35, 39, 42, 44] . Five articles scored poorly on the QI-MQCS with a score ≤ 7, which is ranked as low quality [31, 33, 34, 38, 41] .
Rigor of data collection and analysis
The overall results of the quality assessment on data collection and analyses are displayed in the online supplementary content (Additional file 1: Appendix 5). Four studies have applied generalized linear mixed models for the analysis of change in outcomes [25, 27, 36, 42] . One study used a generalized estimating equation model with repeated measurements [24] . Inferential statistics have also been used in the form of survival analyses, logistic regression and chi-square analyses [29, 31, 33, 39, 44] . The remaining studies made use of descriptive statistical analyses only [26, 30, 32, 38, 43] . In order to monitor change, run charts have been applied in five studies [28, 35, 37, 40, 41] .
On the additional item criteria, two studies have applied methods to account for missing values in their data, while also conducting a power analysis [25, 27] .
Methods used to achieve improvements
We identified six methods to achieve QI: benchmarking [33, 34, [38] [39] [40] [41] , a collaborative care model [26, 28, 42, 44] , Plan-Do-Check-Act [36, 37] , the Chronic Care Model [25, 32, 37] , Learning and Leadership Collaborative [35] and IT driven interventions [24, 27, 29, 30, 41] .
There were some studies where no clear QI method was used [29, 31, 43] . We will discuss these methods in the following paragraphs.
Benchmarking
Benchmarking has been applied in several of the included studies [33, 34, 38, 39, 41] . Data was mostly compared among different hospitals [33, 34, 38] . Annual publication of data in the form of reports has most commonly been applied to report on results [33, 34, 41] .
One study complemented their national report with an additional disease specific report with supplementary measures [33] . Another method of benchmarking was a discussion of the results at a (monthly or annual) meeting. During the annual meeting, results from reports were discussed and further evaluated [38] . Also, short-term feedback cycles with monthly publication of reports were applied [39] . The use of a strong data-driven system in combination with audits . a Exclusion criteria: 1. Studies published in peer-reviewed journals; 2. Studies published in English; 3. Did not actively implement a strategy making use of outcome data to realize quality improvement; 3. Did not relay on structural data collection; 5. Did not evaluate quality improvement interventions using data from outcome registries was characteristic of initiatives that applied benchmarking in order to improve outcomes as well as a model to change practice [33, 34, 39, 40] .
Collaborative care model
Three studies applied the Breakthrough Collaborative Model (BCM) to structure the goal of improving outcomes [26, 28, 42] . One study applied a Web-based disease registry to track patients with symptoms of depression to support treatment management in primary care [44] . In addition, evidence-based depression management training was provided to primary care providers. Moreover, in all sites, most patients experienced meaningful improvement in depression.
The BCM was used to design a cycle of structured discussion sessions during which outcomes were analyzed, presented and variation in work processes were discussed [26, 28] . The model was furthermore used as a guide to facilitate improvement efforts and insights into data [26, 42] .
Plan-do-check-act
In two studies Plan-Do-Check-Act (PDCA) cycles were used to improve outcomes and/or processes [26, 36, 37 ]. Yet, the cycle was presented as a supporting tool to other methods, either for the application of the BCM [26] or for benchmarking [36] . For the latter it was applied as a method to prepare for national benchmarking by organizing three PDCA cycles before data was shared [36] . The method was applied by organizing multidisciplinary meetings, where outcomes were discussed and improvement initiatives were identified [36] . Three cycles were organized in order to prepare public benchmarking after the third cycle [36] .
The other study, which primarily used the methods outlined for the BCM, used the PDCA to structure and evaluate the learning sessions [26] . However, it was not the primary method for improving outcomes. In another study PDCA was used to continually evaluate local cystic fibrosis care practices, and they were able to improve pulmonary function and nutritional outcomes [37] .
The chronic care model
Three studies applied the Chronic Care Model (CCM) [25, 32, 37] . One study that applied the CCM used supporting techniques such as: audit and feedback, electronic registry, clinician reminders, patient reminders, and abbreviated patient education. It is, thus, rather a framework offering practical tools [25] . They did not find expected improvements in outcomes. Here, authors suggested that another, more collaborative approach would be needed to improve outcomes of chronic [25] . The second study applied the CCM in children with various chronic conditions, in combination with PDCA cycles, failure mode and effect analysis and Pareto charts of failures [32] . This study resulted in improvement of respective outcomes [32] . The third study applied the CCM to ensure that all aspects of cystic fibrosis management were covered, and combined this with the PDCA to continually evaluate the processes of best practices in cystic fibrosis care. They did not evaluate the effectiveness of applying the CCM. Learning and leadership collaborative
The Learning and Leadership Collaborative (LLC) was applied in one study [35] . Commitment of a team to participate in a QI program, developing a sense of common responsibility as an organization for the improvement, measuring outcomes and processes and patient involvement were defined as key ingredients for QI. LLC has been used for training staff towards structured discussions on outcomes and/or processes and the introduction of a patient registry [35] . Data was registered and analyzed at one particular hospital, but presented to all participating hospitals. Participation in the LLC has led to the initiation of an improvement initiative at the hospital where the data were registered and analyzed.
IT application as feedback tool
Five studies made used of (self-developed) IT applications, to empower patients and/or physicians to manage patients with greater care. The studies aimed at linking administrative and key clinical data and made use of reminder functions [24, 27, 30] . One study concluded their patients received better overall coordination of care [30] . Another two studies reported significant improvements in the percentage of type 2 diabetic patients and at-risk populations utilizing diabetes registries achieving recommended values for SBP, LDL, and HbA1C [27] . In one study, data were in addition displayed in operating room theatre, surgical office suites and nursing units [41] . Another study reported improved adherence to diabetes care processes in a continuity clinic due to the registry-generated audit, feedback, and patient reminders [24] .
Facilitators for quality improvements
A noticeable facilitator leading to QI was frequent reporting and feedback either annually or even monthly [28, 33, 34, [38] [39] [40] [41] . The use of a database with high quality data, audits and reports as well as a strong stakeholder involvement were also found to be important factors contributing to successful QI [33, 34] . Structured registry data and an improvement intervention that can be linked to outcomes led to improvement in respective outcome measures [42] . In addition, other factors mentioned that would be needed for successful QI in one or more of the included studies are (1) patient involvement, communication, and standardization; (2) attitude and enthusiastic commitment from physicians, clinical managers and central administration and (3) appreciation concerning the importance of measurements [28, 35, 40, 41] . Moreover, improvement in outcomes appeared to be successful if supported by a proven QI approach [42] . Inconsistencies were found regarding the importance of involving an expert in the field of QI. On the one hand, involvement of a QI expert was considered positive for the start of an improvement agenda as it contributed to a more rapid implementation of improvement initiatives [42] . On the other hand, involving no additional expert or formal team was not experienced as a contributing factor to the success of outcome improvement [26] . This was only possible because a structured data registry was already present [26] .
Catalyst to improve outcomes over time
Outcomes can be improved over time through systematic use of outcome registries and facilitators. Outcome data and its interpretation help to achieve improvements in outcomes over time even faster compared to studies that did not use outcome data [34] . It was stated that outcomes were not only used to identify possible improvement interventions but also to monitor and secure improvements in the long run [34] .
A computerized system was presented as a success factor to accelerate data from clinical registries to change outcomes and/or processes [26-29, 31-36, 42, 45] . Such a computerized system ensured valid and timely results [33] . Moreover, it allows for real-time feedback, which, in turn, leads to faster identification of improvement areas [28, 29, 31, 42] .
Further use of outcome data for outcome improvement included the development of checklists, improved use of diagnostic standards, creation of data transparency, guidelines, improved patient recall, patient empowerment and leadership towards improvement [28, 29, 31, 36] .
Discussion
Eight out of the 21 included studies reported statistically significant improvements in outcomes including longterm survival, mortality, readmission rate, bleeding complications, systolic blood pressure, HbA1C, LDL, exercise habits (FEV1), depression improved in the acute phase (PHQ-9 score) and hospitalization with ambulatory care-sensitive conditions resulting from the implementation of QI initiatives. Out of these eight studies, the Chronic Care Model, IT application as feedback, benchmarking and the Collaborative Care Model were used as QI methods. A diverse set of clinical outcomes were collected and no patient-reported outcome measures (PROMs) were applied in any of the studies. Yet, only one study that reported statistically significant improvements in outcomes was of good quality. The improvement interventions were diverse, ranging from the implementation of guidelines, development of physician/patient alerts, improved teamwork, patient engagement methods through IT applications and the development of a supportive decision system. Many improvement interventions were combined in order to build a multifaceted approach to QI [24, 27, 28, 32, 37, 42, 44] . Facilitators for realizing QI include a high quality database, the use of pre-defined outcome measures, audits, frequent reporting and feedback, patient involvement, improved communication and standardization. Systematic approaches were used for structuring the improvement cycle. In order to use data from clinical registries as a catalyst to change outcomes, this review suggests that having a strong computerized system is supportive in aiding frontline clinical process management and improvement work.
A facilitator identified in this review was the organization of discussions for mapping and selecting best practices. It was further shown that a sound data management has a catalyzing effect. This data can be aggregated in annual reports, while it can also be used to compare with peers and/ or perform nationwide comparisons. Also, a registry can facilitate access to real-time outcome and process data which can engage the team in realizing active improvements.
Other registry programs such as the Get With The Guidelines-Stroke study, a large registry and performance improvement program for hospitalized patients with stroke and transient ischemic attack, also use annual reports for benchmark and feedback purposes [46] .
Other systematic reviews concluded that audit and feedback can lead to small but important improvements in professional practice and healthcare outcomes [47] . They furthermore concluded that the effectiveness of audit and feedback depends on how the feedback was provided as well as on baseline performance. In addition, comparing this review to ours, there was one paper we have both included [24] . However, the objectives are very different, which can explain that there was not more overlap in included studies.
In addition, barriers and success factors to the effectiveness of feedback have been identified [48] . However, the authors were not able to draw sound conclusions on the effect of feedback on the quality of care and its potential to improve outcomes. Another review concerning renal registry data reflected on the potential of registry data and help advancing the nephrology care delivery [49] .
None of the reviews studied the effect of QI efforts, besides from audit and feedback, on the quality of care and outcomes. This is the first study for which the literature was searched in detail in order to identify barriers and facilitators supporting QI interventions based on information from clinical registries.
The use of clinical registries can be seen as an important tool in order to systematically measure clinical outcomes and to achieve the goals of value-based health care. This is not only in line with our conclusions, but also acknowledged by others [1, 50, 51] . Other data sources can also be valuable for QI efforts, such as data from randomized controlled trials. However, this review aimed at including studies where structural data was collected through the use of a clinical registry.
In order to improve value, measuring both one or more outcomes and costs is essential [17] . Working with international registries makes it possible to make global comparisons, for example identifying practice variations and therefore improving quality of care for the whole patient group [52] .
Implications
We did not observe many efforts to incorporate PROMs. It is, however, generally considered important to measure the impact on health related quality of life (HRQoL) in the evaluation of the effect of QI initiatives [53] . The studies included for this review did not reflect on why they did not use PROMs and what would be the added value if they did. Even so, one study does report however the start of measuring quality of life in patients with cystic fibrosis [36] . The authors report this will lead to more insights into the complexity of QI efforts and personal patient gains in the experienced quality of life. It will also enable reporting on to what extent value was created from the patient's perspective. Future QI efforts very likely combine QI with benchmarking incorporating quality of life outcomes.
None of the included studies reported costs, causing our study to be unable to evaluate the true impact on value. Incorporating costs will enable to identify cost drivers and comparing improvement interventions as proposed by the value-based healthcare principles [50] . A recent study showed that surgery for the oldest patients with colorectal cancer did not lead to increased hospital costs [51] . However, this study did identify variation in cost driver distribution. Patients under 85 years old had lower costs looking at the ward, operation and intensive care unit. Therefore, identifying costs and its main drivers will enable to develop improvement programs for specific sub-groups. This might be a powerful tool to reduce e.g. complications and thus hospital costs. Value-based health care could be the overarching concept guiding improvement initiatives, combined with well-defined methods. However, the field lacks a clear guide on implementation examples. Studies reflecting on impact, outcomes and costs are needed. Finally, the standardization of outcome measures is key, although they should be defined for a specific patient population. Transparent measurement of outcomes and costs has the potential to improving the value of care for all patients. Both providers, patients and payers can benefit from this collective common goal of transparency.
Limitations
This review has some inherent limitations. Firstly, due to the very heterogeneous types of QI programs and their respective patient groups, it is difficult to generalize the results achieved in the included studies. Moreover, our inclusion criteria for QI programs may be to some extent arbitrary, which could possible lead to a bias in inclusion or exclusion of studies. Also, the context in which the clinical registry is organized can impact outcomes. Moreover, important differences were observed in e.g. whether the registry was linked to reimbursement or public reporting versus primarily initiated for scientific or QI purposes or whether it was a voluntary or mandatory registry.
Secondly, the studies included in this review mainly focused on experiences in non-communicable diseases and thus often chronic patient groups. However, our aim was not to exclude communicable diseases from the study but we did not identify any studies in our literature search. This could indicate that chronic patient groups benefitted most from the realization of registries and respective QI interventions. As a result, improvement projects concerning other (non-chronic) patient groups have not been included in this review. Thirdly, due to publication bias, studies reporting no effect will be very likely not published and therefore missed out. Finally, two studies randomized practices [25, 27] . One study randomly allocated 19 volunteering hospitals to 1 of 2 intervention groups, where the intervention differed both in design and intensity [42] . In the other studies it should be noted that complete randomization was not possible, since the intervention hospitals involved were e.g. volunteering. Therefore, these hospitals might differ in their willingness to improve, causing potential selection bias.
Conclusion
The results from this evaluation of studies which use outcome measures from clinical registry data to implement and monitor QI initiatives may help policy makers, managers and clinicians to understand the effectiveness, practicality and challenges of implementing QI interventions. An active and systematic approach is needed to improve outcomes. Continuous feedback from the data linked to clinical practice is crucial. Our review indicates that successful QI and consequently improved outcomes, is dependent on an active approach and organizational readiness.
There are many QI methods, and the majority of improvement interventions contain a combination of several methods. Clinical registries can be seen as supportive instruments in the process of improving quality of care. However, a clinical registry can only be successful in realizing QI efforts when there is commitment and leadership at both the physician and manager level, as well as a benchmarking facility, a well-integrated computerized system, and a collective aim to identify best practices. 
